Measurements of low-energy electrons emitted by 4.5-keV Ne qϩ -ion impact on an Al surface are discussed for incident charge states qϭ1 -6. Spectral structures found near 11 eV are attributed to the decay of bulk plasmons. A method is given to determine absolute values for the experimental electron yield from the plasmon decay. Absolute plasmon yields are studied as a function of the incidence angle of the projectile and the observation angle of the electron. A cosinelike angular distribution is found for the ejected electrons indicating that the plasmons decay well below the surface. The experimental data are compared with model calculations providing information about the plasmon production mechanisms.
I. INTRODUCTION
Valence electrons in metals can take part in quantized collective oscillations known as plasmons. The excitation of plasmons by charged particles can be described within the framework of the free-electron-gas approximation ͓1,2͔ in conjunction with the random-phase approximation ͑RPA͒ ͓2,3͔. For nearly-free-electron metals ͑e.g., Al͒ plasmons decay predominantly by transferring energy into a single valence electron in an interband transition ͓4,5͔. Hence, electrons of characteristic energies are ejected from the metal providing a signature for plasmons that can experimentally be studied by means of electron spectroscopy ͓6-8͔. Most previous experiments with ion impact ͓7-9͔ have been performed using fast projectiles that create plasmons via direct Coulomb excitation. However, this mechanism is constrained by momentum and energy conservation and thus requires a threshold velocity, corresponding to a minimum energy of about 33 eV for electron impact and 40 keV/u for heavy particles incident on Al ͓10͔.
Recently, evidence for plasmon excitation has been provided from electron emission spectra produced by ions with energies below a few keV ͓11-15͔. In those studies, it was commonly accepted that mechanisms different from direct Coulomb excitation are important, especially for heavy ions. However, different ideas have been put forward to interpret the creation of plasmons by slow ions. Various groups ͓11,12,16-18͔ have considered plasmon-assisted capture processes where the transfer of potential energy from the projectile produces a plasmon. On the other hand, kinetic energy effects have been taken into consideration for proton impact ͓13,14͔. Recent theoretical calculations have shown that high-energy electrons liberated in binary collisions with the projectiles may produce plasmons in secondary collisions, even at subthreshold ion velocities ͓13͔.
Here, the attention is focused on slow heavy ions incident on a surface with a high charge state ͓12͔. The characteristic feature of a highly charged ion is its large potential energy. Hence, plasmon creation may be enhanced when potential energy effects become significant. The large potential energy of highly-charged ions has attracted much interest in studies of ion-solid interactions ͑see ͓19͔ and references therein͒. Above the surface, highly-charged ions strongly attract several electrons that are resonantly captured into high Rydberg states whereas inner shells remain empty. Thus, the projectiles evolve into hollow atoms whose formation and decay imply various novel processes.
When a hollow atom enters into the solid the remaining Rydberg electrons are removed ͑peeled off͒ or enter into the solid to participate in the formation of a strong screening cloud of conduction-band electrons referred to as the C cloud ͓20͔. The C cloud leaves inner shells empty so that a compact hollow atom is formed below the surface. When the hollow atom moves within the solid, it transfers its potential energy via Auger transitions and collisional charge transfer ͓21,22͔. Moreover, the interaction of the hollow atom with the solid leads to the production of plasmons by potentialenergy effects ͓12͔.
In this work we study plasmon creation by the impact of 4.5-keV Ne qϩ on Al with charge states from qϭ1 -6. The electron spectra indicate structures near 11 eV associated with the decay of bulk plasmons which remain significant for charge states as large as qϭ5. Our previous experiments for an observation angle of 75°͓12͔ were extended with measurements for which both the incidence angle of the projectile and the observation angle of the electron were varied. A spectral analysis is introduced to obtain absolute yields for plasmon production. The experimental results are compared to model calculations of the cascading decay of hollow atoms, which involve potential-energy transfers including the selective creation of bulk plasmons at a few atomic layers below the surface. experimental method has been presented before ͓12,25͔ so that only a brief description will be given. Beams of 4.5-keV Ne qϩ (qϭ1 -6) ions were collimated to a diameter of about 1 mm and directed onto a clean Al target. The pressure in the chamber was a few 10 Ϫ10 mbar. The emission of electrons from the target was measured using an electrostatic parallelplate spectrometer ͓26͔. The spectrometer efficiency and the ion current were determined ͓23͔ so that absolute values for electron emission yield could be measured. The experimental setup was optimized to accurately measure low-energy electrons ͓27͔. Our experience shows that the spectrometer is capable of measuring reliable electron yields for energies as low as 2-4 eV. Figure 1͑a͒ shows experimental results for the double differential electron emission yield N(E)ϭd 2 Y /d⍀ dE at an angle of incidence of ϭ45°and an observation angle of ␤ϭ75°relative to the surface normal ͓12͔. The electron spectrum for each charge state exhibits a maximum at low energies. For kinetic electron emission, a maximum is expected at about 2 eV ͓28-30͔ and, indeed, observed for low projectile charge states ͑e.g., Ne ϩ ). The kinetic electron emission peak exhibits a shift in energy with increasing charge state, which calls for further studies. Moreover, in Fig. 1͑a͒ , one can see a significant increase of the electron yield with increasing charge state. This is due to the increase of potential electron emission ͓31͔ which is found to be roughly proportional to the corresponding potential energy.
Electron emission by highly charged ions is primarily caused by dielectronic processes above and below the surface ͓27͔. Above the surface, autoionizing transitions among high Rydberg states give rise to electron energies as low as a few eV, whereas Auger transitions in inner shells take place primarily below the surface, especially for highly charged projectiles. The emission of L-shell Auger electrons from Ne qϩ projectiles for qϭ2,3, and 4 are seen with centroid energies near 22, 34, and 46 eV, respectively. The increase of the L-shell Auger electron energy with charge are given in Table I , indicating that the energy liberated by electron transitions into the Ne L shell becomes larger as the number of Ne 2 p vacancies increases. Apart from the projectile Auger electrons, the spectrum in Fig. 1͑a͒ shows distinct peaks near 63 eV due to the Auger decay of Al 2p vacancies ͓7͔ excited in binary collisions with a hollow Ne projectile ͓21͔ or in Al-Al collisions involving fast recoils ͓32͔. A significant fraction of these electrons originates from sputtered Al decaying outside the solid. Figure 1͑b͒ shows electron spectra observed at an emission angle of ␤ϭ15°for different incidence angles of the Ne 4ϩ projectiles (ϭ20°,30°, and 60°). The ␤ϭ15°spec-tra in Fig. 1͑b͒ are larger in intensity than the corresponding Ne 4ϩ spectrum observed at ␤ϭ75°in Fig. 1͑a͒ due to the cos ␤ dependence of the electron emission ͑see below͒. Also, the spectral intensity increases with decreasing incidence angle . This finding is likely due to an increase of the interaction time of the hollow atom near the surface. Apart from the Ne and Al L-shell Auger maxima mentioned above, one finds a distinct peak at 22 eV, labeled Ne**, which can be attributed to above-surface emission of Auger electrons from Ne with two vacancies in the L shell ͓33͔. This shows that a noticeable fraction of the Ne 4ϩ projectiles captures two electrons into the L shell and undergoes an L-shellAuger-electron transition in front of the surface. As expected this above-surface capture is enhanced with decreasing incidence angle of the projectile as seen in Fig. 1͑b͒ .
The structures due to bulk plasmon decay are expected near 11 eV ͑Fig. 1͒. To enhance the visibility of the plasmon structures, which are superimposed on an intense background from other processes, it is common practice to differentiate the measured electron intensities N(E) ͓4͔. Results for qϭ1,2, and 4 are presented in Figs. 2͑a͒-2͑c͒ ͓12͔. Note that the derivative dN/dE increases with charge state similarly as the original spectra in Fig. 1 . The derivative dN/dE for qϭ1 clearly shows a structure near 11 eV which is commonly attributed to bulk plasmons. This structure is enhanced for qϭ2 but becomes less pronounced in comparison with the background as the charge state further increases to qϭ4.
As in previous work ͓11,12,17͔ we consider excitation by potential-energy transfer as a primary mechanism for plasmon production by slow heavy ions. This mechanism involves the capture of a valence electron into the L shell of the
FIG. 1. Double differential emission yields d
2 Y /dEd⍀ for electrons produced by a 4.5-keV Ne qϩ incident on an Al surface. In ͑a͒ the spectra are obtained for the projectile charge states qϭ1 -6 ͓12͔. The incident angle is ϭ45°relative to the surface plane and the observation angle is ␤ϭ75°relative to the surface normal. In ͑b͒ Ne 4ϩ spectra are given for the observation angle ␤ϭ15°and different incident angles ϭ20°,30°, and 60°. The maxima labeled Al and Ne are due to L-shell Auger electrons from the Al target and the Ne projectile, respectively. TABLE I. Electronic transition energy from the bottom of the conduction band of Al to the 2p level of a hollow Ne atom which contains a number of 2p vacancies. The results are based on total energies evaluated using the density-functional theory ͓22͔. Note that the transition energies may be reduced by electron promotion effects when the hollow Ne atom collides with an Al lattice atom ͓21͔.
Number of 2p vacancies 1 2 3 4 5 6
Transition energy ͑eV͒ 12.8 23.6 33.4 45.6 56.7 68.8
Ne projectile, which provides the energy for plasmon creation ͓16͔. However, other mechanisms for plasmon creation may be considered. Note first that Ne orbitals higher than the 2 p shell cannot participate in the bulk-plasmon creation, since those orbitals are not bound inside the solid ͓22͔. However, energetic electrons produced directly in collisions as well as Auger electrons may excite plasmons when traveling through the solid ͓13͔.
III. SPECTRAL ANALYSIS AND ANGULAR DISTRIBUTIONS
To obtain more information about the mechanisms for plasmon production, absolute values for the corresponding electron emission yield were extracted from the electron spectra. The principles of the procedure are shown in Fig. 3 . The energy p liberated by the decaying plasmon is determined by the Lorentzian function L( p ,E p ,⌫ p ) involving the plasmon energy E p ϭប p and decay width ⌫ p . In Fig.  3͑a͒ the Lorentzian, represented by the curve labeled Initial Distribution, is normalized to the unit area. The energy distribution of the electrons excited from the conduction band is obtained as a convoluting over the normalized density of states D(E)ϭNͱE for EрE F , see Fig. 3͑b͒ . With the normalization factor NϭE F Ϫ1/2 the integral of the D(E) function is obtained as 2E F /3. The convolution is performed by the integration
where U is the potential step at the surface ͑15.5 eV for Al͒ and is the energy of the plasmon-decay electron outside the solid. The result of the convolution is represented by the data labeled Convoluted in Fig. 3͑b͒ whose integral remains equal to 2E F /3. ͓The convoluted curve was shifted in energy so that a direct comparison is possible with the D(E) curve.͔ The crucial point of the present method is that the derivative of the F() curve, also given in Fig. 3͑a͒ , reproduces closely the initial energy distribution of the plasmon. Thus, the intensity of the plasmon-decay electrons is obtained from the integral of the Derivative curve multiplied by 2E F /3. It should be noted that this factor is independent of the shape of the initial plasmon energy distribution. To account for the transport of the electrons, attenuation and refraction effects have to be considered; this leads to the curve labeled Transported in Fig. 3͑b͒ . When the Transported curve is normalized to the Convoluted curve near E F , the transport effects are found to be small ͑the factor 2E F /3 is reduced by ϳ20%). It is noted that the density of states of the conduction band is distorted by the presence of a charged particle. For low charge states, such distortion has been found to be FIG. 2 . Derivative dN/dE of the double differential emission yields given in Fig. 1 . The results in ͑a͒, ͑b͒, and ͑c͒ refer to 4.5-keV Ne qϩ impact where qϭ1,2, and 4, respectively. In ͑d͒, ͑e͒, and ͑f͒ the corresponding data are shown after subtraction of the continuous background. The experimental data are fit with Gaussian functions using a constant centroid energy and width.
FIG. 3. Method to determine absolute electron yields originating from plasmon decay. In ͑a͒ a Lorentzian function is shown with a width of ⌫ p ϭ0.5 eV representing the Initial Distribution of the energy liberated by the plasmon decay ͑shifted to the Fermi energy E F ϭ11.2 eV of Al͒. In ͑b͒ the Density of States in the Al conduction band normalized to unity at E F is compared with the Convoluted curve obtained by convoluting the density of states with the initial energy distribution. The curve labeled Derivative represents the ͑negative͒ derivative of the convoluted curve. Also, ͑b͒ shows a curve labeled Transported which includes electron transport effects by the solid, such as attenuation and refraction. small ͓13͔. These effects, however, may increase with increasing projectile charge ͓22,47͔. Figure 2 shows examples for the analysis of the experimental derivative curves. After background subtraction these curves were fit by Gaussian functions. From Fig. 2͑e͒ it is seen that the width of the derivative curve is relatively large ͑2.8 eV͒ showing that broadening effects have altered the peak profile from a Lorentzian to a Gaussian ͑Fig. 2͒. This may partially be due to the transfer of finite plasmon momenta which causes a variation of the plasmon energy E p ͓4͔. Fortunately, as noted above, the deduction of the absolute plasmon yield is independent of the shape of the derivative curve. It should be realized that the background subtraction involves uncertainties which influence primarily the lefthand side of the Derivative curve. Therefore, the right-hand side of the derivative curve was preferentially used for the fit in Fig. 2͑f͒ .
It should be recalled that the data in Fig. 2 refer to a single observation angle (␤ϭ75°). For Ne 2ϩ and Ne 4ϩ impact, electron emission yields have also been measured for various observation angles of the electrons. The knowledge of the angular dependence is crucial for different reasons. First, it is well known that electrons originating in the bulk of the solid exhibit a cosinelike angular dependence ͓34͔. On the other hand, electrons originating from shallow surface layers are expected to exhibit a more isotropic emission ͓23,24͔. Hence, the observed angular dependence of the plasmondecay electrons provides information about the depth of the plasmon production. Furthermore, information about the angular dependence is required when total yields of electrons ejected into the hemisphere above the surface are evaluated.
For the angular dependent emission yields we performed an analysis of the spectral derivatives similar to that in Fig.   2 . The results for Ne 2ϩ projectiles are given in Fig. 4͑a͒ which refer to the absolute values of the plasmon yields differential in angle ͓25͔. The lower and upper x scales show the electron observation angles ␣ and ␤ measured relative to the surface plane and surface normal, respectively. The experimental results are seen to follow closely a normalized cosine distribution, providing evidence that the plasmons are produced ͑and decay͒ well inside the solid. Plasmon excitation will be analyzed in more detail when the model calculations are discussed below. To demonstrate that the cosine distribution is not always found, Fig. 4͑b͒ shows the angular distribution of electrons integrated over all energies. The data exhibit an angular dependence that is weaker than the cosine dependence. This may indicate that some of the lowenergy electrons are created outside the solid. In Fig. 1 the spectra are governed by low-energy electrons that may be produced by autoionizing transitions in higher Rydberg states formed above the surface ͓25͔. Figure 5 gives the results for incident Ne 4ϩ obtained using the same fit procedure as before. The experimental data are seen to closely follow normalized cosine functions, providing again evidence that the plasmons are produced well inside the solid. For Ne 4ϩ projectiles we studied the plasmon yield with respect to a varying incidence angle of the projectile. In Figs. 5͑a͒-5͑c͒ results are shown for incidence angles of ϭ20°,45°, and 75°, respectively. It is seen that the plasmon yields are relatively small at the gracing incidence angle of 20°. The data are largest at 45°whereas a decrease is observed for 75°. These findings may indicate that at small angles the incident hollow atoms are partially deexcited in front of the surface by Auger neutralization or by production of surface plasmons. In this case, the projectiles lose their ability to excite bulk plasmons. At large angles the ions travel deeply into the solid so that both secondary electrons and electrons from the plasmon decay are attenuated. Thus, Both the angles ␤ relative to the surface normal ͑upper scale͒ and ␣ relative to the surface plane ͑lower scale͒ are shown. In ͑a͒, ͑b͒, and ͑c͒ data are given for the incidence angles ϭ20°,45°, and 75°, respectively. The experimental results ͑points͒ are compared with cosine functions normalized to fit the experimental data ͑dashed curves͒.
an optimum value for plasmon excitation may be expected at intermediate incidence angles near 45°.
IV. MODEL CALCULATIONS
In the past, for the cascading decay of hollow atoms, various models have been developed that can be divided into two groups: ͑i͒ models treating the mean number of electrons in a given shell ͓35-38͔ and ͑ii͒ models treating the occupation number of individual configurations ͓21,39-41͔. For the latter case, we shall present an analytic evaluation describing the first step of the filling sequence of a hollow atom. This formalism exhibits the various parameters relevant for the creation of plasmons by slow ions. For the yields of Ne L-shell Auger electrons, we shall consider an extension of the model referring to a combination of the mean-charge and configuration methods ͓42͔.
When a highly charged ion such as Ne qϩ enters into a solid, the screening cloud C of valence-band electrons is rapidly formed around the ion ͑in ϳ10 Ϫ16 sec͒. Then, LCC Auger transitions take place with the rate ⌫ LCC reducing the charge state q in the L shell. Similar effects lead to plasmon creation with the rate ⌫ pl . Since the production of plasmons and L-shell Auger electrons are competing processes we use the branching ratios 
where primed quantities such as the solid angle d⍀Ј refer to inside the solid. Finally, electron transport effects are taken into account to obtain the emission yield outside the solid
It is recalled that U is the potential step at the surface and is the electron energy outside the solid. Due to refraction effects the emission angle ␤Ј inside the solid is altered to ␤ outside the solid relative to the surface normal. The transport of the electrons is approximately taken into account by exponential attenuation involving the attenuation length L . Equation ͑3͒ can readily be integrated over the emission depth z Table II indicating that plasmon production is significant for Ne qϩ with charge states qϭ1 and 2, whereas it becomes negligible for higher charge states. To determine the attenuation length L no unique method is available. For L we used a value of 14 a.u. for plasmon-decay electrons, taken from an analysis using a Monte Carlo calculation ͓45͔.
An example for model calculations are given in Fig. 4͑a͒ which shows theoretical results for electron emission by plasmon excitation through Ne 2ϩ impact on Al. The model calculations were performed with f o ϭ1 using Eq. ͑4͒ for the first step (qϭ2) of the decay sequence of the hollow Ne. Similarly, the contribution of the second step (qϭ1) was evaluated as in Ref. ͓21͔. The contributions from the two steps are found to be of similar importance showing that Eq. ͑4͒ is not sufficient for the present case. The model calculations are found to follow closely the cosine function. However, the theoretical results are about 60% smaller than the experimental data ͑note that the model results are multiplied by 1.6͒.
To obtain information about the location of the plasmon production, we performed calculations of the depthdependent electron yield. The results are plotted in Fig. 6 showing the electron yield for the angles of 0°and 75°as a function of the emission depth. For 0°results are also given without attenuation, indicating that attenuation effects are important in the present case. The first step (qϭ2) of the decay sequence follows an exponential function as predicted by Eq. ͑3͒. The contribution of the second step (qϭ1) is found to be significant. As mentioned above, the two steps contribute by about equal amounts. 
V. CHARGE-STATE DEPENDENCE
In addition to angular distributions, electron yields from plasmon decay were determined as a function of the charge state q of the incident Ne qϩ ion. Figure 7͑a͒ shows that the plasmon decay yield increases significantly ͑nearly by a factor of 2͒ as the charge state q changes from 1 to 2. For higher charge states, however, the plasmon decay yield remains constant within the experimental uncertainties. Figure 7͑b͒ shows the corresponding electron yields for Ne L Auger emission, also obtained from the spectra in Fig. 1 ͑see the peaks labeled Ne͒. It should be pointed out that for decreasing projectile charge state it is difficult to separate the Ne L-shell Auger intensity from the continuous background. Therefore, in Fig. 7͑b͒ we show Auger data for charge states у3 only. In contrast to the plasmon decay data, the Ne L-shell Auger yield increases significantly with charge state. Considerations of the Ne L-shell Auger electrons are important, since they are produced by potential-energy transfer processes similar to those responsible for plasmon creation.
In Fig. 7 the charge-state dependence of the calculated yields are compared with the experimental data. Recall that the data refer to an electron emission angle of 75°relative to the surface normal. Figure 7͑a͒ shows that the calculated electron yields from the plasmon decay are in reasonable agreement with experiment for the low charge states. In particular, the theoretical data show a similar increase as the experimental results when the charge state increases from q ϭ1 to 2. However, when the charge states further increase, we observe raising discrepancies between theory and experiment. It is recalled that the plasmon-assisted capture process is favored for the charge states qϭ1 and 2 ͑Table II͒. These charge states are produced at the end of the filling sequence of the hollow atom so that the plasmon creation depth increases with increasing charge state. Hence, attenuation effects become increasingly important so that the decrease of the theoretical curve with increasing charge state may be understood.
In view of the discrepancies between the experimental and theoretical plasmon results, we may consider mechanisms different from the potential-energy transfer. Similar to the case of proton impact ͓13͔ plasmons may be excited in secondary interactions with high-energy electrons produced by the incident ions. The energies of electrons that are capable of exciting plasmons must exceed the threshold value of 18 eV. From Fig. 1 it is seen that the electron spectra exhibit long tails that reach into the range above the threshold. These electrons may partially be responsible for the observed production of plasmons. Continuous electrons with energies larger than 18 eV ͑33 eV inside the solid measured from the bottom of the band͒ are displayed in Fig. 8 . It is seen that the yield of continuum electrons is rapidly increasing with the projectile charge state so that the continuous electrons are expected to gain importance at high charge states. It is seen that the yield of the electrons above 18 eV changes by a factor of ϳ20 as the charge state of the incident ions increases from qϭ1 -6 ͑see Fig. 8͒ . This is consistent with the finding in Fig. 7͑a͒ that the deviation between the theoretical and experimental data for the plasmon creation increases with increasing projectile charge state.
Since the Ne L-shell Auger-electron production competes with plasmon creation, it is instructive to study also the emission yield of those electrons. In this case, above-surface effects ͓not modeled by Eq. ͑4͔͒ may become important so that we used the extended formalism in which the corresponding differential equations had to be solved numerically ͓42͔. It is found that the above-surface emission of Ne L-shell Auger electrons for an incident angle of 45°is relatively small and the survival factor f o remains close to unity. The model calculations, which include also higher steps of the decay se- In ͑a͒ results are shown without attenuation but with refraction for an observation angle of ␤ϭ0°relative to the surface normal. In ͑b͒ and ͑c͒ results with attenuation are given for the observation angle ␤ϭ0°and 75°, respectively. quence, shown in Fig. 7͑b͒ . For comparison the results from Eq. ͑4͒, including only the first step of the decay sequence, are also displayed.
The theoretical results are found to be larger than the experimental data with increasing discrepancies for decreasing charge states. As mentioned before, the Ne L-shell Auger electrons are difficult to separate from the continuous background so that some Auger intensity may be lost. In particular, we note that the experimental results for the low charge states ͑e.g., qϭ3) represent the first step of the decay sequence only, since the higher steps produce Auger electrons shifted to lower energies which were not included in the integration procedure. The L-shell Auger electrons from the last step (qϭ1) occur in the region of the plasmon decay electrons. However, we would not expect that the Ne L-shell Auger electrons interfere with the plasmon yield determination. As described above, the plasmon yield results from the derivative of a single convolution over the conduction-band states with a sharp rise at the Fermi energy ͑Fig. 3͒. The Auger electrons originate from a double convolution, which smooths out the sharp structure at the Fermi edge, so that it can barely contribute to the electron yield derivative.
For higher charge states the experimental and theoretical results of the Ne L-shell Auger electrons tend to approach each other. A similar agreement has previously been found in a study of the Auger electrons using the high incident charge state qϭ9 ͓46͔. We note that the previous results are consistent with the present charge state dependence of the yield of the Ne L-shell Auger electrons.
VI. CONCLUDING REMARKS
The present study is concerned with experimental and theoretical efforts to clarify mechanisms for plasmon creation by multiply charged neon moving slowly in Al. First of all, it is found that the plasmon production takes place well within the solid, since the angular distribution of the electron ejection closely follows a cosine distribution. This finding provides the basic condition for the search of the mechanisms for plasmon production.
Primary attention is devoted to capture processes which provide the potential energy necessary for the plasmon creation. The analysis of plasmons is accompanied by an analysis of projectile L Auger transitions. This is done because for neon projectiles the production of plasmon and L-shell Auger electrons is based on the same potential-energy effect. For small incident charge states, the experimental and theoretical results for the electron yield of the plasmon decay are found to be in reasonable agreement, whereas the theory overestimates Ne L-shell Auger-electron emission. The latter discrepancies are likely to be due to losses of Ne L-shell Auger electrons in the continuous background. On the other hand, at large incident charge states, increasing discrepancies observed between the model calculations and the experimental plasmon yields suggest mechanisms other than the potential-energy transfer producing plasmons. When analyzing the plasmon production, the contribution by secondary interactions with high-energy electrons should be considered.
Finally, let us look back at the methods implemented into the present cascade model. The attenuation of the electrons is taken into account in an approximate manner which is expected to introduce uncertainties into the present analysis. However, we do not expect that a more accurate treatment of the electron attenuation would change the essential conclusion of the present analysis. A problem may be involved in the value of the Ne L-shell filling rates ⌫ L . For the low charge states qϭ1 and 2 of Ne qϩ moving inside the solid we adopted filling rates which are consistent with previous work for helium ͓43͔. Smaller rates for the L-shell filling have been evaluated in recent studies of hollow neon ͓47͔. It should be noted, however, that the theoretical L Auger rates were determined for Auger transitions denoted LCV, where the excitation of the valence ͑V͒ electron is treated within the framework of linear-response theory. Due to the relatively high electron density of the C cloud ͓20͔ we expect an enhancement of the corresponding LCC Auger transition rate, where the valence-band electron is replaced by a C shell electron. In future work it would be useful to gain more theoretical information about the LCC transition rates.
Summarizing, we achieved progress in the understanding of plasmon production by slow impact of multicharged ions. Absolute values for the experimental electron yield from plasmon decay have been deduced. An analytic expression was derived to estimate the contribution of potential effects on the plasmon production. The comparison between theory and experiment suggests that for low incident charge states potential-energy effects are responsible for plasmon production, whereas at higher charge states secondary collisions with high-energy electron become important. However, the discussed mechanisms are not fully understood at present so that further work is needed to clarify various questions about plasmon creation by slow multicharged ions. FIG. 8 . Projectile charge state dependence of electron yields for 4.5-keV Ne qϩ impact on Al. The results refer to electron yields obtained by integration of the continuous spectra above an energy of 18 eV. The observation angle is ␤ϭ75°relative to the surface normal.
